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ȡȥ15N NMRÐÆǍHǳ% C-AgI-CĔđķ2èīƹʘǋĭ 
ȡȥɀĴ 
 
ȡȟ C-AgI-CĔđķHĀ= DNAÐĨ2ƿÃƹʘɢƯ 




ȡȟ ƴʪ-ʮŀʱ®2ʮŀƴ NMRǘĭ 
ȡȥCytidine/AgI (2:1 complex)2 109Ag NMR\wSiǘĭ 






























A Adenine, Adenosine 
C Cytosine, Cytidine 
CNS Crystallography & NMR System 
COSY Correlation spectroscopy 
dATP Deoxyadenosine triphosphate 
dCTP Deoxycytidine triphosphate 
DMSO Dimethyl sulfoxide 
DNA Deoxyribonucleic acid 
DQF-COSY Double quantum filtered correlation spectroscopy 
dTTP Deoxythymidine triphosphate 
G Guanine, Guanosine 
HPLC High performance liquid chromatography 
HSABØ Hard and Soft Acids and Bases 
ITC Isothermal titration calorimetry 
NMR Nuclear magnetic resonance 
NOE nuclear overhauser effect 
NOESY nuclear overhauser effect spectroscopy 
RMSD Root mean square deviation 
SAǍ Simulated annealing 
T Thymine, Thymidine 
TEAA Triethylammonium acetate 
Tm Mid-point temperature of a thermal transition profile 













2 5’«- 3’«HʙȲ D%>DNAʳ2Ɩ2Ƞ3 5’Ƞ-/C?Ɩ2Ƞ3 3’Ƞ-/
D2%>DNAʳ03ƖÿŬ(5’→ 3’)ǲD(Figure I-1c) 
 DNA ʳʶ,ƴʪĔđ(Jhl(A), TJl(G), d{(T), ZiZ(C))ǉȭȲü0





þė3ț<ʫ/(+CƴʪĔđ2 πˁĨ3ʽƆ DƴʪĔđ2 πˁĨ- π-πȅ¯
ǳ(\beQT) D 
 DNAʫB"I3Aď@ Bď/.2B"IƹʘH-D-+ BďH-C@ 
((Figure I-1f))2’-hOQZx\2ʨŔ(rePT)3Aď,3 C3’-endoď Bď
,3 C2’-endo ďH-C@ (Figure I-1g)mSOdj2ʳ03 6 )21Eɡ
D(α, β, γ, δ, ε, ζ. Figure I-1h);%TWZȲü2ɡœχ(pyrimidine: O4’-C1’-N1-C2, 
purine: O4’-C1’-N9-C4 )0A(+ 2’-hOQZx\-ƴʪĔđ2ȅķ«ȼǋ;DAď
- Bď,32'˛)21Eɡ(δ,  ζ, χ)2½ěǻ/D;%2’-hOQZx
\2rePT0ʷGD pseudo-rotation35)21Eɡ(ν0, ν1, ν2, ν3, ν4)0A(+ĭ
ȿED(Figure I-1h) 
 
Figure I-1.  
 
1.2 ƨʳ DNA2ǥĬĭŬ 
 DNAʳ(A)řʭ2DNAʳ(B)-ĔđķŚŴ0ACƨʳDNA(AB)HȰ=öũ3(1.1)ŕ,
ɕED%&A - B 2ǟœ3ȣƨʳ-ƨʳ2˚Ǫų2<ĩĎ D-¤
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ĭ+D 
A + B  AB (1.1) 
 (1.1)ŕACŎɔĭƑ K3(1.2)ŕ,ɕED 
K = [AB]/[A][B] (1.2) 








ΔG =ΔH-TΔS (1.3) 
ŎɔĭƑ K-öũȪ2Ru]NnRĘè(ΔG kJmol-1)3(1.4)ŕ,ʷ¶*BED
,T3Ǘœ(Kelviní«: K)R3ǈ®ĭƑ(8.314 JK-1mol-1) 
ΔG = -RTlnK (1.4) 
(1.3)ŕA5(1.4)ŕAC(1.5)ŕBED 
lnK = -ΔH/RT + ΔS/R (1.5) 
(1.5)ŕ0+Ǘœ T(Kelviní«: K)3Ō0ǁ,DĔđķ2ŚŴ3Ǽǥöũ(ΔH˝0)
,D%>ŎɔĭƑ K3ˑǗ0/D9.Ļ/D /G'ƨʳ DNA3ǗœH
D0)EĔđķʶ2ǉȭȲüÑƔEƨʳ DNA0ɢʿ Dƨʳ DNA2 50%
ɢʿ+ƨʳ DNA-/D-2Ǘœ3ɑɢǗœ(Tm)-ĭȿEDɑɢǗœ,3
ƨʳ DNA-ƨʳ DNA2Ýü3ȣ/DTm@ǥßīr}b(ΔG, ΔH, ΔS)3ƨ
ʳ DNA2ǥĬĭŬHɪ´ D%>0ƣǳ,D 
 ƨʳ DNA2ǥĬĭŬ0ı D\beQTȅ¯ǳ3ʽƆ DĔđķ˕ơʑƆĔ
đķ˖ʁ ,Âȅ¯ǳ,D%>̔ 2ĔđķAC?ʡĔđķ-2ȅ¯ǳ3ǡɞ,
D-ɀBED /G'ƨʳ DNAHʽƆ DĔđķ0Ðɢ#E$E2ǥĬĭŬ
0ķ Dı(ΔH, ΔS)HʆüG"D-,ƨʳ DNA2ǥĬĭŬHɜț?D-,
D(ơʑƆĔđķ~h)ƨʳ DNA,ʽƆ DĔđķ2ǥĬĭŬ0ķ Dı(ΔH, 
ΔS)3ĚƑ2ƨʳ DNA2ǥĬĭŬHĮːǿ0ǘĭ D-,ơʑƆĔđķr}
b-+;->BE+D(Freier et al., 1986)2ơʑƆĔđķr}bHǳ+¦
ű2ĔđʨÒŚŴ Dơ?Ĭĭ/ƿƹʘHǘ DɥȤvT|ʵǼE+C
Įː0ǳDƨʳ DNA2ǥĬĭŬHɜț?D-,D(Mathew and Turner., 2006; 










KO˖Ȳü@ ƖTJl@Jhl2 7«ȝȭòĨ(N7)ZiZ2 3
«ȝȭòĨ(N3)3`ti/K\Ĕđ,D%>AgIKO/.2`ti/K\ʪ˕ʮ
ŀKO˖Ȳü@ (Shukla and Sastry., 2009)TJoZ@Zd[ AgIKO
-ʱ®HŚŴ D-ĒāE+D(Loo et al., 2010; Goncharova., 2014)B0v
i-ʮŀKOƈöũ0ADƴʪĔđ-ʮŀKO2ȅ¯ǳ?ĩĎ Dd{[
2 N3@TJl[2 N12K{ovi HgIIKO-ƈ D-,HgIIKO




[ N3(4.3), TJoZ N7( 2.2), JhoZ N7(2.15 )2ˉ-/D(Table I-1)ȣǗǝĭď
P}i(ITC)Hǳ%ɢƯȲƱ0+?ZiZ>TJl>Jhl≥d{2
ˉ, AgIKO0ķ DɟąŬˑ-ȐE+D(Shukla and Sastry., 2009)Ɩ
HgIIKO3JlOleS/ʨ«Ĩ(ƴʪĔđ)HĠ=ÁÿD2%>Ʌviè
E%d{[(N3)@TJl[(N1)3 HgIIKO2ʨ«Ĩ-/DK{ovi2 pKa
3d{[ N3(9.6), TJl[ N1(9.2)2ˉ-/D%>(Table I-1)ÊŜĔđ2ĔđŬ
ACˑd{[2 N30 HgIIKOȲü@ ÁÿD 
 

















D)2ȵɱƠE+D(Clever et al., 2007; Clever and Shionoya., 2010; Ono et 
al., 2011; Takezawa and Shionoya., 2012; Scharf and Muller., 2013; Park et al., 2014.)}
bĔđķŚŴHÖǳ+ʮŀKO^Y(Ono and Togashi., 2004; Ono et al., 2008, 
Ono et al., 2011; Scharf and Muller., 2013)@ʮŀKO2ƂƁÚ(Liu et al., 2009; Wang et 
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al., 2013; Dave et al., 2010; Huang et al., 2011; Yu et al., 2012; Kuriyama et al., 2014; He et 
al 2013.)ʵǼE+D;%ĔđĚďƶÏ72ũǳȌȜ?ɒ/GE+D(Lin et al., 
2008; Torigoe et al.; 2011)B0ÐĨȏȋ(Tanaka et al., 2003; Clever et al., 2010)@ĺ
ˁŬkoK(Carell et al., 2003; Ito et al., 2007; Joseph and Schuster., 2007; Guo et al., 
2011., Isobe et al., 2011; Kratochvilova et al., 2014)ÐĨ\Ked(Porchetta et al., 2013)
ÐĨǰɴVi(Freeman et al., 2009; Zhang et al 2012; Bi et al., 2013; Funai et al., 2014)
/.2ƾɄŬÐĨʵǼ?ʚ>BE+D 
 ʑŏʮŀKOH + ĔđķŚŴúɄ/ņĔđHĺÈ% DNA ȅ
ƿ,D(Clever et al., 2007; Clever and Shionoya., 2010; Ono et al., 2011; Takezawa 
and Shionoya., 2012; Scharf and Muller., 2013; Park et al., 2014.)ƖĜǢ2ƴʪĔđ
ŚŴ D}bĔđķ?ɜÏE+CÐĨhqK\ʵǼ0ũǳE+D(Ono et al., 
2011; Scharf and Muller., 2013; Park et al., 2014.) 
 1952ŏ0 Katz0AC T-HgII-TĔđķ2ĩĎɜÏE+£Ƭ(Katz 1952; Katz 1963)
#2èīƹʘ3Ʀĭ2;;,(%ʑŏĻʬB0AC DNAʫB"IÐĨ2 T-T{
\zed HgIIKOHʣźǿ0ɘʆ D-ƛB0ET-HgII-TĔđķŚŴHÖǳ
% HgIIKO^YʵǼE+D(Ono et al., 2004; Miyake et al., 2006)B0
T-HgII-TĔđķ2èīƹʘ(Tanaka et al., 2007)A5 T-HgII-TĔđķHĀ= DNAÐĨ2





èĒāE+D(Torigoe et al., 2010) /G'T-T{\zedHĀ= DNAÐĨ
HgIIKOHƂƁ+ T-HgII-TĔđķŚŴED-,DNAʫB"Iƹʘ3ě
ĬĭèED2%>HgIIKO2Ȳü0¨ƨʳDNAÐĨ2Tm3ƚ D(Miyake 








AgIKOHʣźǿ0ɘʆ D-,ŚŴED(Ono et al., 2008)E3Katz T-HgII-T
Ĕđķ2ĩĎHžƊ+£Ƭ56ŏ6C2ƕɝ}bĔđķ2Ēā-/(%C-AgI-CĔ
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}bĔđķHĀ= DNAÐĨ2ʮŀƴ NMR\wSiHǘĭ D-,}bĔđķ
2ʮŀòĨ2ǪųHȄƆɠǘ D-?úɄ-/D¬Ųœ2ʮŀƴ NMR\wSi
Hǘĭ D03ˑǟœ2 DNAɫƓŧɛ-/D%>Ēā³3/T-HgII-T@ C-AgI-CĔ
đķHĀ= DNAÐĨ2ûòĨ2 NMRÐÆīǿǩťH Table I-30;->% 
 
1.6 NMRÐÆǍHǳ% C-C{\zed- AgIKOʶ2èīʭɴǆ2ǋĭ 
 DNA2 C-C{\zed- AgIKOʶ2èīʭɴǆHǋĭ D-3C-AgI-CĔđ
ķ2èīƹʘǋĭ2%>2ŧˊ2ɲˌ,DC-C{\zed AgIKOHƂƁ
C-AgI-CĔđķŚŴEE4èīǿǱĕ2Ęè0¨DNAÐĨ2 1H NMRZTk
2èīZti½Ęè D-ɀBEDƿÃ 1H NMR\wSiǘĭHǳ% AgIKO
ǝĭĮː0+2èīZti½2ĘèH~lb+4řʭǠ£2ǝĭǠ




ʝș3NMR\wSi2ȶŚ0śˇHD2 Ǫų0ķũ D¹2ZTk A(Ă
ǎƑ νA), B(ĂǎƑ νB)Ðʿ+ɠǘED03Dĭ2ƫ¥HǙ% 2Ǫ
ų A,Bʶ2ƈʗœH k- D-k « Δν(νA -νB )-/DēüA- B
 NMR	ɜ%“ʜƈ”Ɩk 
»Δν(νA -νB )-/Dēü“ʗƈ” 




 ʨÒ0 C-C{\zedHĀ=ƨʳ DNA0ķ D AgIKOǝĭĮː0+řʭ
ǠAC¬ AgIKOǟœ0+3C-C{\zed(AgIKO˄ȲüǪų)- C-AgI-C
Ĕđķ(AgIKOȲüǪų)2˚ǪųĩĎ D-ɀBED /G'ƿÃ 1H NMR
\wSi0+AgIKO˄ȲüǪų0ǵƬ D NMRZTk- AgIKOȲüǪ
ų0ǵƬ D NMRZTkǫȞ0ɠǘEE4C-C{\zed- C-AgI-CĔđķ2˚
Ǫųʶ2ƈ3“ʜƈ”2Ȫ,D-ÐDƖAgIKO˄ȲüǪų0ǵƬ D




 ƴ A-ƴ Bʶ0èīȲüĩĎ D/B4ȲüˁĨH +˚)2ƴ\sȅ¯
ǳ D(JPevT)2 JPevT2ɠǘ3èīȲü2ĩĎ2ȄƆɩŻ-/D
\sʭĨƑ I2 n¹2ȏǈǿ0ȣ´/ƴ- JPevT+Dƴ2NMRZTk3
2nI+1ƨ0Ðɖ DNMRZTk2Ðɖ2ě3 J½(Hz),ɕEDJPevT
ɠǘED03Dĭ2ƫ¥HǙ% ŧɛDƴ A-ƴ Bʶ0 JPevT
ɠǘED03˚)2ƴ\sȅ¯ǳ D20ÅÐ/Ɲʶ(1/J ȖAC?ʴƝʶ)ƴ









0ãʃúɄ/Ǫų0/D-¬ȏēZti D(Tanaka and Ono., 2008) 
 
 1.10 NMRÐÆǍHǳ%ƿÃƹʘɢƯ
 ƴ OverhauseräƱ(NOE)HÖǳC-AgI-CĔđķHĀ= DNAÐĨ2ƿÃƹʘɢƯH
ɒ/-,DNOEɠǘEDƴʶʇʿ2ȃĬ3 5 £,DNOE2Řœ3
ƴʶʇʿ2 60öǆ³ D%>ƿÃ 1H-1H NOESY\wSi2S\sS2




Ɉ0±0.5-2.0 2ōHŽ%"+“ʇʿ2ƪȹƫ¥”- DNMRÐÆǍ0AD DNAÐĨ2ǜ
Ǔƹʘǋĭ,3ǁŋŀE%ƿÃ 1H-1H NOESY\wSiBƿÃƹʘǋĭ
0ƣä/ NOEhbH,DʹCĚʾ>DŧɛD2A/ƪȹƫ¥Hǳ+
Xplor-NIH (Brünger, A. T. X-PLOR, version 3.1 manual, Yale University Press, New Haven, 












1.11 109Ag NMRÐÆǍ 
 ʯ03ʁʭƑ 107- 1092˚)2\sʭĨƑ 1/22þ«®ĩĎĜǢĩĎǆ3ȫ




2țȤļ//C109Ag NMR\wSiǘĭHˀ D(Penner and Liu., 2006)
2¬ŲœHɘ%>0ƿÃ 109Ag NMR\wSiǘĭ,3 10 mmŝ2 NMRdu
Hǳˑǟœ2YvHěʭ0²ǳ D(ǟœ: ~0.1 M£, Ǔʭ:4.5 mL£)Ɩ
DNAÐĨ3 0.1 M?ǉ0ǜɢ/%>DNAÐĨ-ɚü®ŚŴ% 109AgƴHƶÏ D
2òǰǿ0Ċˀ,D2%>DNAÐĨ2 C-AgI-CĔđķ2ƿÃ 109Ag NMR\w
Siǘĭ3ˀ109Agƴ2èīZti½Ʀĭ2 NMRr}b-/(+D 
 
1.12 199Hg NMRÐÆǍ 
 199Hg3\sʭĨƑ 1/2,CĜǢĩĎǆ3 16.84%,D(Table I-3)Ɩ201Hg





ÐĨHǳ+DNA-Hgɚü®2ƿÃ 199Hg NMR\wSiHǘĭ D-3ˀ 
 DNAÐĨ2 T-HgII-TĔđķ2èīƹʘ315N NMRÐÆǍHǳ+ÿüd{
2 N3ʶ, 2JNNHɠǘ D-,ǋĭE%(Tanaka et al., 2007. Figure I-3a)2JNN 2ɠ
ǘ3d{2 N3ʶ HgIIH +ÊƣȲü,ƲƽE+DɩŻ-/D/B
15N NMR\wSi0+N3-ȄƆȲü+D HgIIʶ2 1JHgN3Ʀĭ2 NMRr
}b-/(+D199Hg2ĜǢĩĎǆ 16.84%-ŧ!?ˑ/ě/èī
ZtiǻƖŬH?) HgÊƣȲü D N32 15NZTkHőōè D%>ƿÃ 15N 
NMR\wSi0+? 1JHgNHƶÏ D-3ˀ 
 
1.13 NMRÐÆǍHǳ%}bĔđķ2ƹʘɢƯ2Į³ 
 T-HgII-TĔđķ2èīƹʘ315N NMRÐÆǍHǳ+ÿüd{2N3ʶ, 2JNN
Hɠǘ D-,ǋĭE%(Tanaka et al., 2007. Figure I-3a)2JNN 2ɠǘ3d{2 N3
 HgIIƲƽE+DɩŻ-/D;%1H NMRÐÆǍHǳ+
T-HgII-TĔđķHĀ= DNAÐĨ2ƿÃƹʘ?ǋĭE+D(Yamaguchi et al., 2014. 
Figure I-3a)K{caņĔđ(Im)ŚŴ D Im-AgI-ImĔđķ2èīƹʘ? 15N NMR
ÐÆǍHǳ+K{caņĔđ2 3«ȝȭòĨ- AgIKOʶ2 1JNAgHɠǘ D
-,ǋĭE%(Johannsen et al., 2010. I-3b)B01H NMRÐÆǍHǳ+Im-AgI-Im





Table I-2.  
 




= DNAÐĨ2ƿÃƹʘɢƯHȃǿ- D;%Cytidine/AgIʱ®A5 Thymidine/ HgII
ʱ®2ʮŀƴ NMR\wSiǘĭBDNAÐĨ,3ǋĭˀ NMRr}b
δ(109Ag)/ δ(199Hg)/1JHgN)Hǋĭ D
 ;!ģ>0DNA2 C-AgI-CĔđķ2ƹʘɢƯ0ʢ% DNA2ʨÒ2ɨɥ/üŴHɒ
/(%üŴ%û DNA0ķ+ AgIKOǝĭĮːHɒ/(%(ƨɴȡȟȡȥ)
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C-AgI-CĔđķ2ƹʘɢƯ0ʢ% DNA 2 15NƼɹ®HüŴƿÃ 15N NMR\wSi
ǘĭH/C-AgI-CĔđķ2èīƹʘǋĭHɒ/(%(ƨɴȡȟȡȥ) 
 ƿÃ 1H-1H NOESY\wSiǘĭHɒC-AgI-CĔđķHĀ= DNAÐĨ2ƿÃ
ƹʘɢƯHɒ/(%(ƨɴȡȟ) 








1.1.1 C-AgI-CĔđķ2ƹʘɢƯ0ǳD DNAOXz2ʨÒɨɥ 






(1) ƨʳ DNAÐĨʢœ/ǥĬĭŬH?'ŵƤ2ƨʳ£ę2ƿƹʘH-B/ 
(2) 1H NMR\wSi2ŋŀHİƜ0 D%>0ʫB"IƹʘĬĭ0/B/Ȧ
ċ, DNAÐĨ2ĔđʨÒHȊ D 
(3) DNAʨÒ0Ā;ED C-C{\zed3˙)2<- D 
ƫ¥(1)3ƨʳ DNAÐĨ0+ C-AgI-CĔđķ2ƹʘɢƯH D%>2ŧˊ2ƫ¥
,Dƨʳ DNA2ǥĬĭŬHD03ĔđʨÒH©4"4ADNA2ʳʴ©
5D9.Ě2 1H NMRZTkŢBED2, 1H NMR\wSi2ɢƯˀ/
D2%>ƫ¥(2)Hʓá%B0C-AgI-CĔđķ2ƹʘɢƯHİƜ0 Dȃǿ,ƫ
¥(3)Hʓá%ƫ¥(1)-(3)0ǹűƹʘɢƯ0ʢÑ/ʨÒHʣź Dȃǿ,ƿƹʘ
ǘ`tiLNJ(RNA structure version 5.0. Mathew and Turner., 2006; Reuter and Mathew., 





Figure 1-1. DNA duplex 1 with residue numbers.  
 
1.1.2 DNA duplex 10ķ D AgIKOǝĭĮː 
 Figure 1-20DNA duplex 10ķ D AgIKOǝĭĮː2ȲƱHȐ ƿÃ 1H NMR
\wSi0+d{2}dđ2vi2ZTkHʓʈ+-,ȲüǪų2
~lbHɒ/(%}dđH?)ƴʪĔđ3d{2<,D%>ʨÒ0d{
˛)/ DNA duplex 10+32èīZtiˋĐ2ZTkƑļ/Ȳü
Ǫų2~lb@  
 DNA duplex 10ķ D AgIKOǝĭĮː2ȲƱ(Figure 1-2)0.0řʭ2ƝǠ(AgIKO
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˄ȲüǪų)0+DNAʨÒBƥŞEDʖCd{Ĕđ2}dđ2ZTk˛





ƑĖD0)EĖáƿÃ 1H NMR\wSi2ŚǪ2Ęè3 2.0řʭ2ǝĭǠ0
+?ǀ;B!DNA duplex 12 C-C{\zed- AgIKOʶ2èīʭɴǆHƛȎ0
ǋĭ D-3,/(% 
 C-C{\zed2¡0G-CĔđķ2TJl0ķ+ AgIKOȲü D-Ē
āD(Izatt et al., 1971; Dattagupta and Crothers, 1981; Arakawa et al., 2001)DNA 
duplex 13 G-CĔđķ0ĳI&ʨÒɨɥ-/(+D%>ƿÃ 1H NMR\wSi
0C-C{\zed0ķ D AgIKO2Ȳü (ȲüĭƑ Ka = 1×106 M-1. Torigoe et al., 
2012) 2¡0G-CĔđķ2TJl0ķ DAgIKO2Ȳü (ȲüĭƑKa = 8.3×104 M-1. 
Arakawa et al., 2001) ?ƿÃ 1H NMR\wSi0zKksS-+ɠǘE
+;-ɀBED2%>G-CĔđķɻĳ/ʨÒɨɥ-/(+Dƨʳ DNA
3NMRÐÆƖǍHǳ% C-AgI-CĔđķ2ƹʘɢƯ0ʢ/-ɀ+ DNAʨÒHɨ
ɥȄ --%˕ƿȥõǣ ̟/ACɭȯ/ɺɴHɀĴ0ɧʎ% 
 
Figure 1-2. Methyl-proton region of 1D 1H NMR spectra of DNA duplex 1. Molar ratios 
([AgI]/[duplex]) are indicated on the left side of each spectrum. Open circles, filled circles and 
asterisks indicate signals from AgI-free, single AgI-bound and unknown states.  
 
1.1.3 G-CĔđķHʨÒBʻ% DNAOXz2ɨɥ 






Figure 1-3. DNA duplex 2 (a) and DNA duplex 3 (b) with residue numbers. 
  
  DNA duplex 2A5 DNA duplex 33C-C{\zedH A-TĔđķ2<,ſI&ʨ
Ò,D%>ƿÃ 1H-1H COSY\wSi2 H5-H62S\sSˋĐ03C-C{
\zed2ZiZ2 H5-H62S\sS2<ɠǘEDɨɥ-/(+D 
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 DNA duplex 23Ɇŉ§üď2ʨÒ,D%>DNAÐĨ C2ķȗŬH?)(C2ķȗ
2 2ĉʋ3 C-C{\zed2ĔđķŎ˅ÌHʖD)2A/ DNAÐĨ,3ƨʳH
Ȱ=û DNAOXz2vi3ȣ´-/D#2%>C-C{\zed2ÿ
üZiZ3ȣ´-/CƿÃ 1H-1H COSY\wSi0+ZiZ2 H5-H6
2S\sS%& 1)ɠǘEDƖDNA duplex 33˄Ɇŉ§üď2ʨÒ0ɨɥ
E+D%>C-C{\zed2ÿüZiZĔđ3˄ȣ´-/D#2%>
ƿÃ 1H-1H COSY\wSi0+ʨÒBƥŞEDZiZ2 H5-H62S\
sS2Ƒ3 2),DEB2ʨÒ3ƿÃ 1H NMR\wSi0+d{2}
dđ2vi2èīZtiˋĐ, AgIKO2ȲüǪųH~lb,D&,/
ƿÃ 1H-1H COSY\wSiHǘĭ D-,ZiZ2 H5-H62S\sSHʓ
ʈ D-, AgIKO2ȲüǪųH~lb D-,D 
 
1.1.4 DNA duplex 2A5 DNA duplex 30ķ D AgIKOǝĭĮː 
 3>0ƿÃ 1H NMR\wSiHǳ%DNA duplex 2A5 DNA duplex 30
ķ D AgIKOǝĭĮː2ȲƱHȐ (Figure 1-4)ƿÃ 1H NMR\wSi0+d
{2}dđ2vi2ZTkHʓʈ+-,ȲüǪų2~lbHɒ/(
%DNA duplex 2A5 DNA duplex 33A-TĔđķɻĳ/ʨÒ,D%>2èī
ZtiˋĐ2ZTkƑĚȲüǪųH~lb0 1.0řʭHʅD-\
wSi0Ęè//C#E£2 AgIKOHǝ+?DNA duplex 10+
ɜBE%A/zKksS3ɠǘE/(% 
 ƿ0ƿÃ 1H-1H COSY\wSiHǳ%DNA duplex 2A5 DNA duplex 30
ķ D AgIKOǝĭĮː2ȲƱHȐ (Figure 1-5)DNA duplex 20ķ D AgIKOǝ
ĭĮː2ȲƱ,3AgIKO˄ȲüƝ(0řʭ2ǝĭǠ)0+ZiZ2 H5-H62S
\sS%& 1)ɠǘE%(Figure 1-5a)0 1.0řʭ2AgIKOHǝ D-
AgIKOȲü%Ǫų0ǵƬ D H5-H62S\sS%& 1)ɠǘE+%
(Figure 1-5a, 1.0řʭ)B01.0řʭ2 AgIKOHǝ+?\wSi0Ęè
<BE/(%-BC-C{\zed- AgIKOʶ2èīʭɴǆ 1:1-ǋĭ%
;%C-AgI-CĔđķŚŴ0¨ZiZ2 H5A5 H62èīZti½ȫ 0.2 ppm
¬ȏēZti D-ƛB-/(%DNA duplex 30ķ D AgIKOǝĭĮː2Ȳ
Ʊ,3AgIKO˄ȲüƝ(0řʭ2ǝĭǠ)0+ZiZ2 H5-H62S\sS
 3)ɠǘE%(Figure 1-5b)ʔŎɒď2 DNAÐĨ2 C-C{\zed03ZiZ
Ĕđ2 3«ȝȭòĨ(N3)vièE%ƹʘĚď2ĩĎžƊE+D (Figure 1-6, 
Boulard et al., 1997);%ZiZ2 N3vièED-vièE+/
ǪųAC?s{[ǱˁĨʆ-/CH5A5 H62èīZti½ȫ 0.5ppm
¬ȏēZti D-Ēā?D(Becker et al., 1965)2ZiZ2 N3viè
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E%ƹʘĚď2Ǫų0ǵƬ D H5-H62S\sSƿÃ 1H-1H COSY\wSi
0ɠǘE%úɄŬɀBEDFigure 1-5b2 0řʭ2ƝǠ2 3)2 H5-H62S\
sSÌ?(-?¬ȏē¿2S\sS3ˑ ȏē¿0D 2)2S\sSB<
+ȫ 0.5ppm¬ȏēZti%«ȼ0CZiZ2 N3vièE%Ǫų,D
-ɀBED0 1.0řʭ2 AgIKOHǝ D-AgIKOȲü%Ǫų0ǵ
Ƭ D H5-H62S\sS 2)ɠǘEʨÒBƥŞEDS\sS2Ƒ-
ɇ%(Figure 1-5b, 1.0řʭ)B01.0řʭ2ƝǠ,\wSiˎą+D-
BDNA duplex 30+?C-C{\zed- AgIKOʶ2èīʭɴǆ3 1:1,
D-Ȏɮ,%(Figure 1-5b, 1.0, 2.0řʭ) 
 
Figure 1-4. Methyl-proton region of 1D 1H NMR spectra of DNA duplex 2 (a) and 3 (b). Molar 
ratios ([AgI]/[duplex]) are indicated on the left side of each spectrum. Open circles and filled 
circles indicate signals from AgI-free and single AgI-bound states, respectively. 
 
Figure 1-5. H5-H6 cross-peaks the Absolute value 1H-1H COSY spectra of DNA duplex 2 (a) 
and 3 (b). Molar ratios ([AgI]/[duplex]) are indicated on the top of each spectrum. 
 
Figure 1-6. Possible structures for the C-C mismatch. R and R’ denoting DNA backbone. 
 
,C-AgI-CĔđķŚŴ0¨ZiZ2 H5A5 H62èīZti½2Ę«0)
+;->DɆŉ§üď2ʨÒH?) DNA duplex 20ķ D AgIKOǝĭĮː2ȲƱ
BC-AgI-CĔđķŚŴ0¨ZiZ2 H5A5 H62èīZti½ȫ 0.2ppm
¬ȏēZti D-ƛB-/(%(Figure 1-5a)2èīZti½2Ę«3AgIK
OZiZĔđ0Ȳü D-0ACs{[Ǳ2ˁĨĲœ¬ D%>0Ŗ
ʃED-ɀBEDƖ˄Ɇŉ§üď2ʨÒH?) DNA duplex 30+3
C-AgI-CĔđķŚŴ0¨0řʭ2ƝǠ,ɠǘE% 3)2 H5-H62S\sSÌ¬
ȏē¿2 1)3ȫ 0.3ppmˑȏēZti+Cˑȏē¿2˚)3ȫ 0.2ppm¬ȏēZt
i+%2ǰǵ-+ AgIKO2ǝ0¨vièE%ZiZĔđ2
N3èE N-H  N- AgI Ȳü0ȼƈG(%úɄŬɀBED
(Figure 1-7) C-AgI-CĔđķŚŴEE4ZiZ2 N3èE+%Ǫ
ųAC? N3˄ľĎè@ /C (Ɉ0N-ʮŀKOȲü3 N-H
ȲüĚ)s{[Ǳ2 H5A5 H6 
ˑȏēZti D-ɀBED(Figure 1-7) 
 
Figure 1-7. 1H NMR chemical shift perturbations of H5 and H6 of cytosine. 
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 DNA duplex 22ƿÃ 1H-1H COSY\wSiǘĭ0+ŋŀ%ZiZ2 H53
ƿÃ 1H NMR \wSi0+?¡2ZTkBǫȞ+ɠǘ D-,%
(Figure 1-8a)ƿÃ 1H NMR \wSi0+3ZTk2ʫ/Cü2%>
H62ZTkH¡2ZTkBǫȞ+ɠǘ D-3,/(%řʭǠ(1.0řʭ)
ƦǙ2ǝĭǠ0+3AgIKO˄ȲüǪų0ǵƬ DZTk(○)- AgIKOȲüǪ
ų0ǵƬ DZTk(●)ǫȞ0ɠǘE%2-BC-C {\zed- C-AgI-C
Ĕđķʶ2ƈʗœ3 NMR ÐÆǍ	ɜ%“ʜƈ”2Ȫ,D--
ƛB-/(%ƖDNA duplex 32ƿÃ 1H NMR\wSi0+?řʭǠ,
D 1.0 řʭƦǙ2ǝĭǠ0+3AgIKO˄ȲüǪų0ǵƬ DZTk(○)- AgI
KOȲüǪų0ǵƬ DZTk(●)ǫȞ0ɠǘEC-C {\zed- C-AgI-C Ĕđ
ķʶ2ƈʗœ3 NMR 	ɜ%“ʜƈ”Ȏɮ
E% 
 C-C{\zedH A-TĔđķ2<,ſI&ʨÒ,D DNA duplex 2A5 DNA duplex 3
0ķ D AgIKOǝĭĮː2ȲƱB£2-ƛB-/(% 
(1) C-C{\zed- AgIKOʶ2èīʭɴǆ3 1:1,D 
(2) C-C{\zed- C-AgI-CĔđķʶ2ƈʗœ3“ʜƈ” 







Figure 1-8. H5 signals of 1D 1H NMR spectra of DNA duplex 2 (a) and 3 (b). Molar ratios 
([Ag(I)]/[duplex]) are indicated on the left side of each spectrum. Open circles and filled 











ƛƤ;E+DFigure 1-90 C-AgI-CĔđķ2ƹʘ¼ɘH;->% 
 2008ŏ0ĻʬB3C-AgI-CĔđķ,ÿüZiZĔđ2 N3þėH AgIKO




















Figure 1-9. Possible recognition modes of AgI in the C-AgI-C base pair. 
 
 1.2.2 JPevTɠǘ0AD C-AgI-CĔđķ2èīƹʘǋĭ 
 NMRÐÆǍ,3Figure 1-90Ȑ Ĕđķƺŕ2ʠHóĲ0êÕ D-,D
C-AgI-CĔđķ2Ƈĭƹʘ,ÿü̊ )2ZiZĔđ2#E$EBƥŞED
JPevTH Figure 1-100Ȑ% 
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 C-AgI-CĔđķ0+AgIKO2Ȳüʧ« N3,CN3 15NƼɹE+










Figure 1-10. Expected 1-bond 15N-X J-coupling in C-AgI-C base pair. 
 
 1.2.3 Ĭĭþ«®Ƽɹ 
 ˄Ɇŉȅɘǿ/ĔđʨÒH?) DNA duplex 3 (Figure 1-3b)Hǳ+ƹʘɢƯHɒ/4
C-AgI-CĔđķ2 2)2ZiZĔđ0˄ȣ´-/D%>#E$E2ǪųHǫȞ
0~lb D-,DDNA duplex 32C-AgI-CĔđķ(C12-AgI-C35)0+
Figure 1-100Ȑ% JPevTHɠǘ D03ƿÃ 15N NMR\wSiHǘĭ 
DŧɛD\sʭĨƑ 1/22ȝȭ2Ĭĭþ«®,D 15N2ĜǢĩĎǆ3 0.37˔-¬
%>(Table I-3)ƿÃ 15N NMR\wSiHǘĭ D03C-AgI-CĔđķ2ȝȭò
ĨHĬĭþ«®Ƽɹ DŧɛD 








Ƽɹ D-Ţű,D³415NƼɹ dCTPöũȪ0ĩĎ E4ʩȭüŴ
E% DNAOXz2É+2ZiZ 15NƼɹE+; 
 DNA duplex 32ĔđʨÒ315NƼɹ®HǆʍǿİƜ0üŴ D%>2ņĝ?ƗE+







Figure 1-11. Enzymatic synthesis of 15N-labeled DNA. 
  
 Figure 1-112ŶǍ3 CrothersB2ƖǍ(Zimmer and Crothers. 1995)HƍĘ+Ɇŉ§
üď0ɨɥE+DxmSOdj2Jhl(rA)HĀ= DNAOXzHʰďʳ-
+ǳ%0dATP, dTTP, 15NƼɹ dCTPA5DNAy}_HáD-
©ʴöũʚɒ D©ʴöũşĔđŬƫ¥,2áǉÐɢöũHÖǳ+rAʧ«,
ÑƔöũHɒ15NƼɹ DNAOXzHÑCÏ -,Dȩəş15NƼɹ DNA
OXzH˄Ƽɹ DNAOXz-ƨʳHȰ;"D-0A(+C12-C35{\ze
d2Ɩ2ZiZĔđ2< 15NƼɹƼɹE% 2Țˍ2 15NƼɹ DNA duplex 3Hɳ




Figure 1-12. (a) C35 residue specific 15N-labeled DNA duplex 3. (b) C12 residue specific 
15N-labeled DNA duplex 3. 
 
 1.2.4ƿÃ 15N NMR\wSiǘĭ 
 Figure 1-120Ȑ%2Țˍ2 15NƼɹ DNA duplex 3Hǳ+ C-AgI-CĔđķŚŴƝ2
ƿÃ 15N NMR\wSiHǘĭ%(Figure 1-13)2ʼAgIKOǚ-+109Ag
2<Ā;EDȍʪʯHǳ%ʯ03˚)2\sʭĨƑ 1/22Ĭĭþ«®ĩĎ
(107Ag- 109Ag)ĜǢĩĎǆ3ȫ 1:1,D(107Ag:109Ag = 51.8%:48.2˔);%J½3ƴ
ȚČƣ2ȏǈĉʊǆ2½0ǆ³ D2,15N- 107Ag2 JPevT(1J(15N, 107Ag))-
15N- 109Ag2 JPevT(1J(15N, 109Ag))2˚Țˍ2 JPevTƿÃ 15N NMR
\wSi,ɠǘED3!,D/B107Ag- 109Ag2ȏǈĉʊǆ3ȫ 15˔
2ʠ/%>1J(15N, 107Ag)- 1J(15N, 109Ag)2½3ʑ½-/CƿÃ 15N NMR
\wSi,3ZTk2ʫ/Cü2%>êÕ,/#,109Ag2<Ā;ED
ȍʪʯH AgIKOǚ-+ǳD-,ǁȎ/ J½2ǘĭ,DĮːƫ¥-% 
 
 
Figure 1-13. (a) 1D 15N NMR spectrum of the DNA duplex 3C35(15N). (b) 1D 15N NMR 
spectrum of the DNA duplex 3C12(15N). 
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  DNA duplex 32 C35ǃđ2< 15NƼɹE% DNAÐĨ2ƿÃ 15N NMR\wS
i(Figure 1-13a)0+172ppm0ɠǘE% N32ZTk2ŚǪ3cuei
(1JNAg = 83 Hz),(%2-BC35ǃđ2 N3- AgIʶ0èīȲüŚŴE+
D-ɩƛE%;%101ppm0ɠǘE%J{ođȝȭ2ZTk2ŚǪ3i




 DNA duplex 32 C12ǃđ2< 15NƼɹE% DNAÐĨ2ƿÃ 15N NMR\wSi
(Figure 1-13b)0+173ppm0ɠǘE%N32ZTk2ŚǪ3cuei(1JNAg 
= 84 Hz),(%2-BC12ǃđ2 N3- AgIʶ0èīȲüŚŴE+D
-ɩƛE%;%101ppm0ɠǘE%J{ođȝȭ2ZTk2ŚǪ3ive
i(1JNH = 89 Hz),(%2-BC12ǃđ2J{ođȝȭ3C12-AgI-C35Ĕđ
ķŚŴş?viH˚)¸Ž%;;,CǻŬè+/-ɩƛE%C12
ǃđ2J{ođvi0)+?15NȷʾƿÃ 1H NMR\wSiǘĭ0+ŋŀ D
-,%(Figure 1-14b) 






Figure 1-14. (a) 15N-filterd 1H NMR spectrum of the DNA duplex 3C35(15N). (b) 15N-filterd 1H 
NMR spectrum of the DNA duplex 3C12(15N). 
 
 
Figure 1-15. Related 1-bond 15N-109Ag J-coupling. (a) This work. (b) Johannsen et al., 2010. 
(c) Bowmaker et al., 2004. (d) Dàvalos et al., 2013.  
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ȡȥ ɀĴ 
 ȡȟȡȥ0+C-C{\zed£ę0 AgIKOȲü/ DNAʨÒHɜ
& -,%2Ǡ0ʷ+B0ɀĴ DAgIKO2 G-CĔđķ@ A-TĔđ
ķ0ķ DȲü3AgIKO/mSOdjǟœǆ(γ)-ɧ2ʷ¶D-ĒāE+D
(Arakawa et al., 2001) 
1) ¬ǟœ2 AgIKOĩĎ(γ = 1/80)BTJl0 AgIKOȲü D 
2) ˑǟœ2 AgIKOĩĎ(γ= 1/10),3Jhl0? AgIKOȲü D 
G-CĔđķ2TJl2ƖA-TĔđķ2JhlAC? AgIKO0ķ DɟąŬ
ˑ%>0G-CĔđķ0ĳI&ʨÒɨɥ-/(+D DNA duplex 103 AgIKOǟ
œˑ/D0)E+C-C{\zed£ęð' G-C-Ĕđķ2TJl72Ȳü(zKk
sS)ɠǘE%?2-ɀBEDƖG-CĔđķHĀ;/ DNA duplex 2
A5 DNA duplex 3,3G-CĔđķ˕C-C{\zed0Î!DȲüʧ«˖ĩĎ/%
>1H NMR\wSi0zKksSǯE/(%-ɀBED#2ȲƱC-C
{\zed0ķ D AgIKO2řʭǆ 1:1,D-ȩĲ0ǋĭ,%-ɤD 
 DNAÐĨ2C-C{\zed0ķ DAgIKO2ɢʿ-§ü2ƈʗœ0)+ɀĴ 
DC-C{\zed0ǵƬ D H52ZTk- C-AgI-CĔđķ0ǵƬ D H52ZTk
3ǫȞ0ɠǘE%;%û H5ZTkʶ2ĂǎƑňȫ 118 Hz,(%-BC-C
{\zed- C-AgI-CĔđķʶ2ƈʗœ31H NMR2bK|\U, 118 HzACč
»ǿ0ʜ-ɢD/èīŎɔ C-AgI-CĔđķŚŴ%90ě¾(+D%
>C-C{\zed- C-AgI-CĔđķ,3 C-AgI-CĔđķ2ĸĄ(life time)29č»ǿ
0ʴEB2ĮBC-AgI-CĔđķ2ĸĄ3 1/118 = 8.47{ȖACč»ǿ0ʴ
-ɀBED 
 £ACC-AgI-C Ĕđķ2 NMR ÐÆīǿƹʘɢƯ0ʢ% DNA ʨÒHɜÏ%
(5’-TTAATAATATACTTAATTATAAT-3’ / 5’-ATTATAATTAACTATATTATTAA-3’)DNAʨÒ
B G-CĔđķHŹ-0ACAgIKO2 DNAÐĨ0ķ Dǻŵǿ/Ȳü2śˇ
Hø!0C-AgI-C ĔđķŚŴ2ʝș~lb,D-HȐ%ƨʨÒHǳ%
AgIKOǝĭĮː2ȲƱBC-C {\zed- AgIKOʶ2èīʭɴǆ 1:1 -ǋĭ
E%;%řʭǠƦǙ2ǝĭǠ0DC-C{\zed- C-AgI-CĔđķʶ2èī
ƈ2åǿʝș2ɢƯBC-C{\zed- C-AgI-CĔđķʶ2èīƈ3 1H NMRÐÆ
Ǎ2bK|\U,ʜƈ2Ȫ,Cƈʗœ3 118 HzACč»ǿ0ʜ-Ô
ƛ% 





 ơş0ǃđǩǻǿ0 15NƼɹE%ƨʨÒ2ƿÃ 15N NMR\wSiǘĭB1JNAg
A5 1JNHHǋĭ%2 C-AgI-CĔđķ,ɠǘE% 1JNAg(83, 84 Hz)2½3ʝô
0 N-AgI-N2Ȅȶʨ«HŽ)èüǨ,ɠǘE% 1JNAg2ȦċÌ,C1JNAg-+ġ
ř/½,(%(Figure 1-15) 
 £AC15N NMRÐÆǍ0ACɆBɳə% 15NƼɹ DNAÐĨ0D C-AgI-C
Ĕđķ2èīƹʘHóĲ0ǋĭ%  
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ȡȟ C-AgI-CĔđķHĀ= DNAÐĨ2ƿÃƹʘɢƯ 
ȡȥ C-AgI-CĔđķHĀ= DNAÐĨ2 NMRZTk2ŋŀ 
 
2.1.1ƿÃƹʘɢƯ0ǳD DNAOXz2ʨÒ 
  NMRÐÆǍHǳ%ƿÃƹʘɢƯ,3ƿÃ 1H-1H NOESY\wSi2ŋŀ
ǁɒ/GE/E4/B//BDNAÐĨ2 1H NMRZTk3Ǭ
ˋĐ0Ĳʾ+DFigure 2-10 DNA2mSOdj2èīZtiH;->% 
 
 
Figure 2-1. -CH3 (1.2-1.6ppm), H2'/H2'' (1.8-3.0ppm), H4’, H5'/H5'' (3.7-4.5ppm), H3' 
(4.4-5.2ppm), H1’ (5.3-6.3ppm), H5 (5.3-6.0ppm), H6 (7.1-7.6ppm), H2/H8 (7.3-8.4ppm), 






 C-AgI-CĔđķ2èīƹʘǋĭHɒ/(% DNA duplex 33ǫȞ 46ǃđ2 DNA ,D
(Figure 2-2a);%A-TĔđķ0ĳ<ʨÒ2qNZļ/%>#2ƿÃ 
1H-1H NOESY\wSi,S\sSǞʫ/D-ŰED#,DNA 
duplex 32ȠB 4ĔđķHÙ(%ȊʨÒ DNA duplex 4(ǫȞ 30ǃđ)Hǳ+ƿÃ 
1H-1H NOESY\wSi2ŋŀHɒ/--%(Figure 2-2b)DNA duplex 40+
ŚŴED C8-AgI-C23Ĕđķ-DNA duplex 30+ŚŴED C12-AgI-C35Ĕđ
ķH-C;èīǿǱĕ3ª+D%>ʨÒHȊ%-0AD C-AgI-CĔđķ2èī
ƹʘ72śˇ39:/-ɀBED/BDNA duplex 4(ǫȞ 30ǃđ)0
+?#2ƿÃ 1H-1H NOESY\wSi,S\sSǬˋĐ0Ĳʾ D-
ɀBED#,ǸơˑS\0ȏē2 NMRɗȼ(950 MHz)Hǳ+ DNA duplex 4




Figure 2-2. (a) DNA duplex 3-AgI complex with residue numbers. (b) DNA duplex 4-AgI 
complex with residue numbers. AgI ion is shown as red sphere. (c) Sequential NOEs 
between H8/H6 and H1’. 
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2.1.2  ˄ƈŬvi2ŋŀ 
 C8-AgI-C23ĔđķŚŴƝ2DNA duplex 4(DNA duplex 4-AgI ɚü®)2˄ƈŬvi
Hŋŀ D-Hȃǿ0ʫǉǜħ0+ƿÃ 1H-1H NOESY\wSiA5
ƿÃ 1H-1H DQF-COSY\wSi2ǘĭHɒ/(%ʫǉǜħ,3DNA2ƈŬ
2vi(-NH, -NH2)2 NMRZTk3ʫǉ-2ƈ0ACɠǘE/ 
 DNAʫB"IÐĨ2ZTk2ŋŀ3Ɉ0ƴʪĔđ2ɋˏǱvi(H8/H6)-




ED%>H8/H6-H1’ʶ2 NOE- H5-H6ʶ NOEHêÕ D%>0ƿÃ 1H-1H 
DQF-COSY\wSiHǘĭ%DNA duplex 4203 C8-AgI-C23Ĕđķ0Zi
ZĀ;E+B!DQF-COSY\wSi,ɠǘED H5-H6ʶ NOES\s
S3 C8-AgI-C23Ĕđķ0ǵƬ D-Ȅ'0ɢDFigure 2-30ƿÃ 1H-1H NOESY
\wSi2 H8/H6/H2-H1’ˋĐA5ƿÃ 1H-1H DQF-COSY\wSi2 H5-H6
S\sSˋĐHȐ DNA duplex 4ʨÒBƥŞEDʖCC8-AgI-C23Ĕđķ2
˚)2ZiZĔđ0ǵƬ D H5-H6S\sSɠǘE%(Figure 2-3b)DNA 
duplex 42C8-AgI-C23Ĕđķ2H5A5H62èīZti(H5: 5.41ppm (C23), 5.52ppm 
(C8). H6: 7.31ppm (C23), 7.42ppm (C8).)3DNA duplex 32 C12-AgI-C35Ĕđķ2 H5
A5 H62èīZti((H5: 5.37ppm (C35), 5.48ppm (C12). H6: 7.28ppm (C35), 7.40ppm 





Figure 2-3. (a) H8/H6/H2-H1' cross peaks in the NOESY spectrum of the DNA duplex 4-AgI 
complex with sequential NOE walks between H8/H6 and H1’. (b) H5-H6 cross-peaks in the 
DQF-COSY spectrum of the DNA duplex 4-AgI complex.  
  
C8-AgI-C23Ĕđķ0ǵƬ D˚)2 H5-H6S\sS3ƿÃ 1H-1H NOESY\wS
i2 H8/H6/H2-H1’ˋĐ0+?ɠǘE%(Figure 2-3a; C8, C23)2ŋŀHʆ
C0ʙʳŋŀHɒ/(%DNA duplex 4-AgI ɚü®2Ɩ2 DNAʳ
(5’-TAATATACTTAATTA-3’)0+5’ƧȠ2 T1ǃđB3’ƧȠ2 A15ǃđ;,ʕÑE
D-/ʙʳǿ0 H8/H6- H1’ʶ2 NOEɠǘE%(Figure 2-3a; ʂȶ)Ɩȅɘ
ʳ(5’-TAATTAACTATATTA-3’)0+?5’ƧȠ2 T16ǃđB3’ƧȠ2 A30ǃđ;,
ʙʳǿ0 H8/H6- H1’ʶ0 NOEɠǘE%(Figure 2-3a; ˂ȶ)2ȲƱBDNA 
duplex 4,3C8-AgI-C23ĔđķHĀ=É+2Ĕđķ\beQT+D-ƛ
B-/(% 
 ƿÃ 1H-1H NOESY\wSi2 H8/H6/H2-H1’ˋĐ,3ǃđÌA5ǃđʶ0
H2-H1’2 NOEɠǘED2 H2- H1’ʶ2 NOEBDNA duplex 4-AgI ɚü®
2 A5, A7A5 A25ǃđHʻ%Jhlǃđ2 H2Hŋŀ% (Figure 2-4) 
 
 
Figure 2-4. H2-H1’ cross peaks in the NOESY spectrum of the DNA duplex 4-AgI complex. 
 
 DNA duplex 4-AgI ɚü®3C-AgI-CĔđķ2¡3 8+ A-TĔđķ,ƹŴE+D
#2%>ƿÃ 1H-1H NOESY\wSi2 H2-H2S\sSˋĐ0+ʽƆ
 DJhlǃđ2 H2ʶ0 NOEɠǘED(Figure 2-5) 
 
 
Figure 2-5. H2-H2 region of NOESY spectrum of DNA duplex 4-AgI complex. 
 
 DNA duplex 4-AgI ɚü®HƹŴ Dû DNAʳ,˚)2Jhlʙȴ Dʧ«(ʨÒ
2 AA^T}i),3ʽƆ DJhlʶ, H2-H22 NOEɠǘE%(A2-A3, 
A11-A12, A17-A18A5 A21-A22)B0DNAʳʶ0+? H2-H22 NOEɠǘ
E%(A2-A30, A3-A27, A5-A25, A5-A27A5 A15-A17)2ȲƱA5A5 A25ǃđ
2Jhl2 H2ŋŀE%2A/ DNAʳʶ2 NOE3ƨʳHƹŴ D 2)
2 DNAʳʫB"IƹʘHȰ;/E4ɠǘ,/%>C-AgI-CĔđķHĀ= DNA 
duplex 4 DNAʫB"IƹʘH-(+DɩŻ,?ŢBE%B0ʫɛ/-
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 ƿ0ƿÃ 1H-1H NOESY\wSi2 H8/H6-}dviˋĐ,H8A5
H62ŋŀ2ȎɮH/(%(Figure 2-6)DNA duplex 4-AgI ɚü®2 8+2d{
ǃđÌ2 H6-}dviʶ2 NOEɠǘE%(Figure 2-6);%û DNAʳÌ2
d{-#2 5’¿0JhlʽƆ Dʧ«(ʨÒ2 AT^T}i)0+ǃđʶ2
}dvi-H82 NOEɠǘE%(A3-T4, A5-T6, A12-T13, A18-T19, A25-T26 A
5 A27-T28) (Figure 2-6)B0û DNAʳ,˚)2d{ʙȴ Dʧ«(ʨÒ2
TT^T}i),3ʽƆ Dd{ʶ, H6-}dvi2 NOEɠǘE%(T9-T10, 





Figure 2-6. H8/H6-methyl proton cross peaks in the NOESY spectrum of the DNA duplex 
4-AgI complex. 
 
 ƿÃ 1H-1H NOESY\wSi2 H8/H6/H2-H1'ˋĐ2ʙʳŋŀ(Figure 2-3)0ACŋ
ŀ2)% H1’HʆC0H2’A5 H2''2Ȟ®ǩǻǿŋŀHɒ/(%ƿÃ 1H-1H 
DQF-COSY\wSi2 H2’/H2”–H1’ˋĐH Figure 2-7a0Ȑ%èīZti2Ɉǿ/
Áÿ-+3DNAÐĨ2 H2’ZTk3 H2''ZTkAC?ˑȏē¿-/D-B
3’ƧȠ2ǃđ(A15, A30)Hʻǃđ2 H2’A5 H2''Hŋŀ%3’ƧȠ2ǃđ0ʷ+3
44 H2’- H2”2èīZtiʔʊ DēüD 
 hOQZx\2rePTB-DNA,A<BED C2’-endo2ēüH1’-
H2’2/ ˅ɡ(H1’C1’C2’H2’) 180°0ʑ*ȲüĭƑě/DƖH1’- H2''
2/ ˅ɡ(H1’C1’C2’H2'')3 60°șœ,CȲüĭƑ3Ļ/D2%>reP
T C2’-endo2ēüƿÃ 1H-1H DQF-COSY\wSi,H1’-H2’S\s
S2Řœ3H1’-H2''S\sS2ŘœAC?Ř/DĮʼC8, C23ǃđA5ƧȠ
2 A15, A30ǃđHʻ 8+2ǃđ,H1’-H2''S\sSŘœ H1’-H2’S\sS
ŘœACŘ/(%(Figure 2-7a)2ȲƱBC8, C23ǃđA5ƧȠ2 A15, A30ǃ
đHʻǃđ,3 DNAʫB"I,Ɉǿ/ C2’-endo2rePT-/(+D-
ȐE%/C8-AgI-C23Ĕđķ2 C8A5 C23ǃđ3H1’-H2’- H1’-H2''2S
\sS2Řœ2ʷ¶ʔʊ+CC3’-endoƺ2rePT-/(+D-
ƛB-/(% 





F3’ƧȠ2 A15A5 A30ǃđHʻǃđ, H1’-H2''S\sS2Řœ29Ř
/(+%E3¬ȏē¿2ZTk H2'',D-%řÓ2ŋŀHƌŽ DȲƱ,
DA15A5 A30ǃđ0ʷ+3Ɉǿ/èīZti2Áÿ-ʔʊH2''ZTk
 H2’ZTkAC?ˑȏē¿0«ȼ+D-?Ôƛ 8+2 H2’A5 H2''2ŋ
ŀȎĭ%;%H2’/H2''2ŋŀH?-0H8/H6-H2’/H2''ˋĐ2ʙʳŋŀH/(% 
(Figure 2-8) 
 H3’2ŋŀ3ƿÃ 1H-1H DQF-COSY\wSi2 H2’/H2''-H1’/H3’ˋĐHǳ+






C8, A15, C23, A30ǃđ,3H2''-H3’S\sS?ɠǘE%B0H3’2ŋŀH
ƿÃ 1H-1H NOESY\wSi2H1’-H3’ˋĐA5H6/H8- H3’Hǳ+Ȏɮ%(Figure 
2-10, Figure 2-11)ơş0ƿÃ 1H-1H NOESY\wSi2 H1’- H4’/ H5’/H5’’ˋĐH
ǳ+H4’,H5’,H5''2ŋŀH/(%(Figure 2-12) 
 DNA duplex 4-AgI ɚü®2ʨÒBƥŞED 270¹2˄ƈŬ2vi2Ì254
¹2viHŋŀ D-,%(Table 2-1, 2-2)2A0ʨÒqNZ2ļ
/ DNAʨÒ,(Watson-CrickĔđķ-+ A-TĔđķ2<))ǫȞ 30Ĕđ-
ʴʳ DNA0+ƿÃƹʘɢƯ0ɂDviZTk2ŋŀHŴʛ% 
 
Figure 2-7. (a) Intra-residue H2’/H2’’-H1’cross-peaks of DQF-COSY spectrum. (b) 
Intra-residue NOE cross-peaks region between H1’/H5-H2’/H2’’/Methyl protons in NOESY 
spectrum. 
 
Figure 2-8. Sequential NOE walks between H6/H8 - H2’ (a) and H6/H8 - H2” (b). 
 
Figure 2-9. H2'/H2''-H1'/H3' cross peaks in the DQF-COSY spectrum. Intra-residue H2'-H1' 
and H2'-H3' cross peaks are connected by solid (residues 1-15) and dashed (residues 
16-30) lines on the chemical shifts of H2' protons of the respective residue numbers. 
Similarly, intra-residue H2''-H1' and H2'-H3' cross peaks are also connected by solid 
(residues C8 and A15) and dashed (residues C23 and A15) lines on the chemical shifts of 
H2'' protons of the respective residue numbers plus asterisks. 
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Figure 2-10. H1’-H3’ cross peaks in the NOESY spectrum. 
 
Figure 2-11. H6/H8’-H3’ cross peaks in the NOESY spectrum. 
 
Figure 2-12. H1'-/H4'/H5'/H5'' cross peaks in the NOESY spectrum of the DNA duplex 5-AgI 
complex. Open circles and filled circles indicate H1'-H4' and H1'-H5'/H5'' cross peaks, 
respectively. Intra-residue H1'-H4' and H1'-H5'/H5'' cross peaks are connected with black 
line (T1-A15) and dotted line (T16-A30). 
 
2.1.3  ƈŬvi2ŋŀ 
 C8-AgI-C23ĔđķŚŴƝ2 DNA duplex 42ƈŬviHŋŀ D-Hȃǿ0
ǉǜħ(H2O:D2O=9:1)0+ƿÃ 1H-1H NOESY\wSi2ǘĭHɒ/(%ǉ
ǜħ,3ƈŬ2vi(-NH, -NH2)2 NMRZTk?ɠǘED 
 Figure 2-130ʌǉ2ƿÃ 1H-1H NOESY\wSi2 H8/H6/H2-H1’ňˋĐ2ʙ
ʳŋŀHȐ ;%2ˋĐ03 C8-AgI-C23Ĕđķ2 H5-H6S\sS(●)2¡0
ZiZǃđÌ2 H5-J{ovi2S\sS(○)?ɠǘEC8-AgI-C23Ĕđķ
2J{ovi2ŋŀ)%;%DNA duplex 32 C12-AgI-C35Ĕđķ2J{o
vi2èīZti(C35: 7.01, 7.41ppm, C12: 7.04, 7.46ppm).3DNA duplex 4 2
C8-AgI-C23 Ĕđķ2J{ovi2èīZti(C23: 7.04, 7.43ppm, C8: 7.06, 
7.50ppm)-AɇHȐ% 
 A-TĔđķ2Jhl2 H2-d{2K{ovi(-NH)ʶ2 NOEB5’ƧȠ2
T1, T16A5 T24ǃđHʻÉ+2K{oviHŋŀ D-,%(Figure 2-14)
;%d{ĔđÌ2K{ovi(-NH)-}dviʶ2 NOE 0+K{ovi
2ŋŀHɒ/(% (Figure 2-15)2ȲƱT24ǃđ2K{ovi2ŋŀ,%
;%A7-T24Ĕđķ0+T24ǃđ2K{ovi- A7ǃđ2 H2ʶ0 NOES
\sS(A7H2-T24H3)ɠǘE%-BƦŋŀ2;;,(% A7ǃđ2 H22ŋ
ŀ,%B0K{ovi-K{oviʶ2 NOEˋĐ0+EB2ŋŀ
2ȎɮH/(%(Figure 2-16)ƿÃ 1H-1H NOESY\wSi0+ŋŀ)/(
%T1A5 T16ǃđ2K{ovi3ƿÃ 1H NMR\wSiB¤2ŋŀH)
%(Figure 2-17)Jhl2J{ovi(-NH2)3A-TĔđķ2K{ovi-
J{oviʶ2 NOEHǳ+ŋŀH/(%(Figure 2-18)DNA duplex 42ʨÒ
BƥŞED 23 ¹2ƈŬ2vi2Ì19 ¹2viHŋŀ D-,%
(Table 2-1, 2-2) 
 
2.1.4  ƿÃ 1H-13C HSQC\wSi0ADŋŀ2Ȏɮ 
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 ƿÃ 1H-1H NOESY\wSi,ŋŀH)% H2, H6A5 H82ŋŀ2ǁHȎ
ɮ Dȃǿ,ƿÃ 1H-13C HSQC\wSiHǘĭ%(Figure 2-19)H2-C2, H6-C6A
5 H8-C8 2S\sSȈȆǡɠǘE%-Bŋŀ2ǁȐE%±"
+ƿÃ 1H NMR\wSi0+?ȈȆǡ H2, H6A5 H82ZTkɠ
ǘEŋŀ2ǁ2Ȏɮ-E%(Figure 2-20) 
 
Figure 2-13. H8/H6/H2-H1’ region of NOESY spectrum of DNA duplex 4-AgI complex with 
sequential NOE walks between H8/H6 and H1’. 
 
Figure 2-14. H2-imino proton cross peaks in the NOESY spectrum. 
 
Figure 2-15. Methyl proton-H1’ cross peaks in the NOESY spectrum. 
 
Figure 2-16. Imino proton-imino protpn region of NOESY spectrum. 
 
Figure 2-17. Imino proton region of 1D 1H NMR spectrum. 
 
Figure 2-18. Imino proton-amino proton cross peaks in the NOESY spectrum. 
 
Figure 2-19. H2-C2, H6-C6 and H8-C8 cross peaks in the 2D 1H-13C HSQC spectrum of the 
DNA duplex 4-AgI complex. H6-C6 and H8-C8 cross peaks are labelled with the residue 
numbers. H2-C2 cross peaks are labelled with the residue numbers plus asterisks. 
 
Figure 2-20. H2, H6 and H8 proton region in 1D 1H NMR spectrum of DNA duplex 4-AgI 
complex. H6 and H8 protons are labelled with the residue numbers. H2 protons are labelled 
with the residue numbers plus asterisks. 
 
Table 2-1 Chemical shift table for the DNA duplex 4-AgI complex (T1-A15) a) 
 








 DNA duplex 42ʨÒBƥŞED 316¹2vi2Ì292¹2viHŋŀ 





ĭʭ`tiLNJ Sparky (Goddard, T. D. and Kneller, D. G.  SPARKY 3, University of 
California, San Francisco.)0+/(%ʇʿůĒ7Ęƈ3ɥȤvT|
MARDIGRAS (Borgias and James., 1990) 0+/(% 
 NMRÐÆǍHǳ%ǜǓƹʘɥȤ,3ʒ2ʇʿ2ƪȹƫ¥Há%;%ƿÃ
1H-1H NOESY\wSiA5ƿÃ 1H-1H DQF-COSY\wSiBŢBE%hO
QZx\2rePT0ʷ DůĒB3’ƧȠ2 A15, A30ǃđHʻǃđ03
C3'-endo (C8A5C23ǃđ)D3C2'-endo (ǃC2Éǃđ)2rePTH-DA
0˅ɡ2ƪȹƫ¥Há%B0C-AgI-CĔđķŚŴƝ2 DNA duplex 42 1D 31P 






 ƿ0ƿÃ 15N NMRÐÆǍ0ACǋĭE% C-AgI-CĔđķÌ2 N3-AgI-N3ʨ«Ȳü
0ʷ DȲüʴ/Ȳüɡ2ƪȹƫ¥Há%Ȳüʴ/Ȳüɡ31-methylcytosine- 
AgI-9-methyladenosineʱ®2Ȳƞƹʘ0D½Hõɀ0%(Menzer et al., 1992) 
 
 
Figure 2-21. 1D 31P NMR spectrum of the DNA duplex 4-AgI complex. 
 
2.2.2 NMRÐÆǍ0ADƿÃƹʘɥȤ 
 C-AgI-CĔđķŚŴƝ2 DNA duplex 40ķ Dƪȹƫ¥(Table 2-3)HĺÈ+CNSH
ǳ%ƿÃƹʘǋĭH/(%SAǍ0AD 88ĉ2ƹʘɥȤ,ŢBE%ƹʘ2Ì
NnR2¬ 10¹2ƹʘ2ʫ1üG"H Figure 2-220Ȑ ŢBE%ƹʘ2÷ƪœ
Hɪ´ DÉʫòĨ2 RMSD2½3 1.5 Å,(%(Table 2-3)ûƹʘʶ24B)3Ļ
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-BɥȤ÷ƪ%-ÔƔ%ƹʘɥȤ2ƪȹƫ¥HǙ% DNA duplex 4-AgI
ɚü®2ƿÃƹʘHǋĭ D-,%(Figure 2-23) 
 
Figure 2-22. Overlay of the 10 converged structures. 
 



































Figure 2-23. (a) Three-dimensional structure of the DNA duplex 4–AgI complex. (b) DNA 
duplex 4–AgI complex with residue numbers. AgI ion is shown as red sphere. (c) The view 




 ƿÃ 1H-1H NOESY \wSi2 558 ¹2S\sSHŋŀDNA duplex 4 
(5’-TAATATACTTAATTA-3’ / 5’-TAATTAACTATATT-3’)2ʨÒBƥŞED 316¹2v






C-AgI-C ĔđķHŚŴ+Dǃđ C3’-endo ƺ2rePTH-(+D-HƛB
-% 




DNA duplex 42B"IʋʑÀ0«ȼ D-ɢ(% 
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ȡȟ ƴʪ-ʮŀʱ®2ʮŀƴ NMRǘĭ 
ȡȥ Cytidine/AgI (2:1) complex2 109Ag NMR\wSiǘĭ 
 
3.1.1 Cytidine/AgI (2:1) complex 
 AgIKO˄ȲüƝA5ȲüƝ2 cytidine2èīZti½2Ę«H Table 3-10Ȑ  
 

































+: Downfield shift. -: Upfield shift. Solvent: DMSO-d6 
H5 A5 H6 2èīZti½2Ę«0ȇȃ D-ȫ 0.2ppm 2¬ȏēZti-/(+
D2èīZtiĘ«3ȡȟ0+ƛB-/(% C-AgI-CĔđķŚŴ0¨èī
ZtiĘ«-ɇ+D;%C2 2èīZti½2Ę«0ȇȃ D-0.9ppm ˑȏ
ēZti+DCytidine2 C22èīZti½0ʷ+ʮŀKO N30Ȳü+
Dēü3ˑȏēZtiPxlʪȭ(O2)0Ȳü+Dēü3¬ȏēZti DÁÿ
D-B(Marzilli et al., 1980)AgIKO N30Ȳü+D-ɀBEDB
0N32èīZti½2Ę«0ȇȃ D-24.5ppmˑȏēZti+Dȝȭƴ2
˄ÊƣˁĨķèīȲüŚŴ0¨ƪȹHøãʃ0/D-15NèīZti½ˑ
ȏēZti D%>(Tanaka and Ono., 2008)N30 AgIKO N30Ȳü+D-ɀ
BEDH5, H6, C2A5 N32èīZti½2Ę«BCytidine/AgI complex0
+? AgIKO N3 0Ȳü+D-ȐE%/ʂęÐÆǍ(IR)A5ʂęˋ
Đ2ÍɊŬÐÆǍ(VCD)Hǳ% cytidine/AgI(2:1 complex)2ƹʘɢƯ,3cytidine 2
C=O©Ⱥƀåqj2ǎƑ«ȼ3 AgIKO2ƣǡ,Ęè/-Bcytidine2P
xlʪȭ03 AgIKOʨ«+/-ĒāE+D(Goncharova., 2014) 
 Cytidine/AgI(2:1 complex)32)2ǻ/DʨŔH-CD(Figure 3-2b, c)J{ođþ
ė2Ȟ®ǿD3˃ˁǿöǼ2ļ/Figure 3-2c 2ʨŔH-(+D-ɀBED
;%ĲœǊʷƑǍ0đ*ʭĨèīɥȤ2ȲƱ? Figure 3-2c 2ƹʘHƌŽ+D
(Megger et al., 2011; Berdakin et al., 2014; Fortino et al., 2014.) 
Figure 3-1. (a) Cytidine. (b) cisoid orientation. (c) transoid orientation. R: ribose. 
 15N Ƽɹ cytidine 0ķ D AgI KO2ǝĭĮː2ȲƱH Figure 3-2 0Ȑ [Cyt]: 






- AgIʶ2ʨ«ȲüH % JPevT(1JNAg: 82, 83 Hz)3ɠǘE/(% 
  
 
Figure 3-2. 1D 15N NMR spectra of cytidine and cytidine/AgI complex. Solution condition: 15 
mM 15N-labeled cytidine and various concentrations of AgNO3 in DMSO-d6. Molar ratios 
([Cyt]:[AgI]) are indicated on the left side of each spectrum. 
 
3.1.4 ƿÃ 109Ag NMR\wSiǘĭ 
  AgIKO0ķ D cytidine2ǝĭĮː2ȲƱH Figure 3-30Ȑ Cytidine/AgI (2:1) 
complexŚŴ0¨109Ag NMRZTk 180ppm¬ȏēZti%(Figure 3-3, [Cyt]: 
[AgI]=2:1))Cytidine/AgI (2:1) complex2 109Ag2èīZti½3¡2 N-AgI-N2Ȳüƺ
ŕH?)èüǨȾ0DèīZti½2ȦċÌ,C109Ag2èīZti½-+ġř
/½,(%(Table 3-2);%[Cyt]:[AgI]=1:12ǝĭǠ0+Cytidine/AgI (2:1) complex
˄ŚŴƝ([Cyt]:[AgI])=0:1]-ŚŴƝ([Cyt]:[AgI]=2:1)2ʶ0Zv/˙ƨ2 109Ag NMRZT
kHŢ%2-Bcytidine0ķ D AgIKO2ɢʿ-§üʝș3 109Ag NMR2
bK|\U,“ʗƈ”2Ȫ-/D-/D-ƛB-/(% 
 
Figure 3-3. 1D 109Ag NMR spectra of cytidine and cytidine/AgI (2:1) complex. Solution 
condition: 0.5 M AgNO3 and various concentrations of cytidine in DMSO-d6. Molar ratios 
([Cyt]: [AgI]) are indicated on the left side of each spectrum. 
 
Table 3-2. Related δ(109Ag) ppm 




ȡȥ Thymidine/HgII (2:1) complex2 199Hg NMR\wSiǘĭ 
 
3.2.1. Thymidine/HgII (2:1) complex 
 水銀源として酸化水銀を用いることで、系中に HgII の対JlO/Thymidine/HgII
ʱ®(Thy-HgII-Thy)HŚŴ D-,D(Buncel et al., 1985. Thymidine + HgO 
→Thy-HgII-Thy + H2O )BuncelB2ŶǍHõɀ015NƼɹE% Thy-HgII-Thyʱ®Hɳ
əƿÃ 15N NMR\wSiHǘĭ%(Figure 3-˜)185 ppm0ɠǘE% N32
ZTk0YgKiZTk(˗)<BE% 
 ĜǢĩĎǆ2 HgIIǚHǳ+D2,Thy-HgII-Thyʱ®0+N3-HgÊƣȲü
ŚŴE+D/B41J(199Hg, 15N)- 1J(201Hg, 15N)2Țˍ2 JPevTɠǘ
EDúɄŬD\sʭĨƑ 1/22ƴȚ,D 199Hg-Ȳü D N32ZTk3
N3- Hg -N3ȲüŚŴ0AC199Hg-2 JPevT,ZTk2ŚǪcuei-/
D3!,DYgKiZTk(˗)3ujlT%cuei2ŚǪH+C
ƿÃ 15N NMR\wSi, 1J(199Hg, 15N)ɠǘE%-ɀBEDƖ\sʭ
ĨƑ 3/22ƴȚ,D 201Hg-Ȳü DN32ZTk3N3-HgII-N3ȲüŚŴ0AC201Hg












Figure 3-˜. 1D 15N NMR spectrum of Thymidine/HgII (2:1) complex. Solution: 25 mM 
thymidine-HgII-thymidine complex in DMSO-d6. 
 
3.2.2. ƿÃ 199Hg NMR\wSiǘĭ 







15N)ɠǘ,+D-Ȏĭ%ǩȢ 8Ǡ-+ɠǘE% 1J(199Hg, 15N)2½
3 1050 Hz-Ňě/½,(%(Table 3-2) 
 
Figure 3-5. 1D 199Hg NMR spectrum of Thymidine/HgII (2:1) complex. Solution: 25 mM 
thymidine-HgII-thymidine complex in DMSO-d6. (a) The 1D 199Hg NMR spectrum without 
15N-decoupling. (b) The 1D 199Hg NMR spectrum with 15N-decoupling. 
 













a) This work. b) Bernatowicz et al., 2001.  
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ȡȥ ɀĴ 




0ķ D cytidine2ǝĭĮː2ȲƱ(Figure 3-3)BCytidine0ķ D AgIKO2ɢʿ
-§üʝș3 109Ag NMR2bK|\U,“ʗƈ”2Ȫ-/D-/D-ƛB-/
(%;%Cytidine-AgIʱ®˄ŚŴƝ- Cytidine-AgIʱ®ŚŴƝ2ZTk2ĂǎƑň(Hz)
37200 Hz,D2-BAgIKO- Cytidine-AgIʱ®ʶ2ƈʗœ3109Ag 
NMR2bK|\U, 7200 HzACč»ǿ0ʗ-ɢD 
 Thymidine/ HgII (2:1) ʱ®0+E;,Ʀĭ,(% 1J(199Hg, 15N)HƶÏ+#2
½Hǋĭ D-,%ǩȢ 8Ǡ-+ɠǘE% 1J(199Hg, 15N)2½3 1050 Hz
-Ňě/½,(%2Ňě/ J½3E;,0ĒāE+D 1J(199Hg, 15N)½










2A0cytidine/AgI (2:1) ʱ®A5thymidine/ HgII (2:1) ʱ®2ʮŀƴNMR\wSi
ǘĭB¬Ųœ2%>DNA-ʮŀɚü®,3ǋĭĊˀ/NMRr}bδ(109Ag) / 




 C-AgI-C Ĕđķ2 NMR ÐÆīǿƹʘɢƯ0ʢ% DNA ʨÒHɜÏ%
(5’-TTAATAATATACTTAATTATAAT-3’ / 5’-ATTATAATTAACTATATTATTAA-3’)ƨʨÒH
ǳ% AgIKOǝĭĮː2ȲƱBC-C {\zed- AgIKOʶ2èīʭɴǆ 1:1
-ǋĭE%;%řʭǠƦǙ2ǝĭǠ0DC-C{\zed- C-AgI-CĔđķʶ2
èīƈ2åǿʝș2ɢƯBC-C{\zed- C-AgI-CĔđķʶ2èīƈ3 1H NMR
ÐÆǍ2bK|\U,ʜƈ2Ȫ,D-HƛB-%B0ƨʨÒ2Z
iZĔđ2<ǃđǩǻǿ0 15N ƼɹE% DNA ÐĨ2ʩȭüŴHɒ15N ƼɹE
%ƨʨÒƘĩ2ʩȭöũ2<,Ȩµ0üŴ,D-HȐ%ơş0ǃđǩǻǿ0
15NƼɹE%ƨʨÒ2ƿÃ 15N NMR\wSiǘĭB1JNAgA5 1JNHHǋĭ




 ȡȟ0+ɜÏ% C-AgI-CĔđķ2 NMRÐÆīǿƹʘɢƯ0ʢ% DNAʨÒ2Ƞ
 B 4 Ĕ đ ķ H Ù ( % Ȋ  DNA ʨ Ò (5’-TAATATACTTAATTA-3’ / 
5’-TAATTAACTATATT-3’)2ƿÃ 1H-1H NOESY˘ƿÃ 1H-1H DQF-COSY˘ƿÃ 31P 
NMR˘ƿÃ 1H NMR\wSi2ŋŀBŢ%ʇʿ˘l˅ɡ˘ĔđķŎ˅Ŭ2ƪȹƫ¥
Hǳ+C-AgI-C ĔđķHĀ= DNA ÐĨ2ƿÃƹʘHǋĭ%#2ȲƱDNA-AgI
ɚü®,3C-AgI-CĔđķHĀ=É+2Ĕđķ\beS% BďʫB"IƹʘH-(
+CAgIKO DNA 2B"IʋʑÀ0«ȼ D-ɢ(%;%DNAÐĨ,





 Cytidine/AgI (2:1) ʱ®A5 thymidine/ HgII (2:1) ʱ®2ʮŀƴ NMR\wSiǘĭ
B¬Ųœ2%>DNA-ʮŀɚü®,3ǋĭĊˀ/ NMRr}b(δ(109Ag) / δ(199Hg) 
/ 1JHgN)Hǋĭ%Cytidine/AgI (2:1) complex0+¬ĂǎƑ¬ŲœƴȚ,D 109Ag
ƴƴ2ZTkƶÏHʟŴ#2èīZti½Bcytidine-AgI(2:1)ʱ®? N-AgI-N 2
ȲüƺŕH?)-ƌŽE%Thymidine/ HgII (2:1) ʱ®0+E;,Ʀĭ,
(% 1J(199Hg, 15N)HƶÏ+#2½Hǋĭ D-,%ɠǘE% 1J(199Hg, 15N)2









ǋĭ2ȲƱBAgI DNA 2B"Iʋ0«ȼ D-?ƛB0E% /G'
C-AgI-CĔđķŚŴHÖǳ+DNA0 AgIHÌç,D%>ĜǢ2ƴʪĔđHÖǳ
+ DNA2B"Iʋ0HgII&,/ AgI?I& DNAÐĨɳə,DúɄŬÏ+







1. Preparation of DNA Oligonucleotides 
2. Preparation of 15N-labeled DNA Oligonucleotides 
3. NMR measurement 
3.1. 1D 1H NMR spectra of DNA duplex 1 (Figure 1-2) 
3.2. 1D 1H NMR spectra of DNA duplex 2 and DNA duplex 3 (Figure 1-4, Figure 1-8) 
3.3. Absolute value 1H-1H COSY spectra of the DNA duplex 2 and DNA duplex 3 (Figure 
1-5) 
3.4. 1D 15N NMR spectra of 15N-labeled DNA duplexes (Figure 1-13) 
3.5. 15N-filterd 1H NMR spectra of 15N-labeled DNA duplexes (Figure 1-14) 
3.6. 1D 1H NMR spectrum of DNA duplex 4 (Figure 2-17, Figure 2-20) 
3.7. 2D 1H-1H NOESY spectra of the DNA duplex 4 (Figure 2-3a, Figure 2-4, Figure 2-5, 
Figure 2-6, Figure 2-7b, Figure 2-8, Figure 2-10, Figure 2-11, Figure 2-12, Figure 2-13, 
Figure 2-14, Figure 2-15, Figure 2-16, Figure 2-18) 
3.8. DQF- COSY spectrum of the DNA duplex 4 (Figure 2-3b, Figure 2-7a, Figure 2-9) 
3.9. 1H-13C HSQC spectrum of the DNA duplex 4 (Figure 2-19) 
3.10. 1D 31P NMR spectrum of the DNA duplex 4 (Figure 2-21) 
3.11. 1D 15N NMR spectra of Cytidine/AgI complex (Figure 3-2) 
3.12. 1D 109Ag NMR spectra of Cytidine/AgI complex (Figure 3-3) 
3.13. 1D 15N NMR spectrum of Thymidine/ HgII complex (Figure 3-4) 
3.14. 1D 199Hg NMR spectrum of Thymidine/ HgII complex (Figure 3-5) 
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1. Preparation of DNA Oligonucleotides 
 
2. Preparation of 15N-labeled DNA Oligonucleotides 
 
3. NMR measurements 
3.1. 1D 1H NMR spectra of DNA duplex 1 (Figure 1-2) 
 
3.2. 1D 1H NMR spectra of DNA duplex 2 and DNA duplex 3 (Figure 1-4)  
 
3.3. Absolute value 1H-1H COSY spectra of the DNA duplex 2 and DNA duplex 3 (Figure 
1-5) 
 
3.4. 1D 15N NMR spectra of 15N-labeled DNA duplexes (Figure 1-13) 
 
3.5. 15N-filterd 1H NMR spectra of 15N-labeled DNA duplexes (Figure 1-14.) 
   
 





3.7. 2D 1H-1H NOESY spectra of the DNA duplex 4 (Figure 2-3a) 
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3.8. DQF- COSY spectrum of the DNA duplex 4 (Figure 2-3b) 
 
3.9. 1H-13C HSQC spectrum of the DNA duplex 4 (Figure 2-19) 
 
3.10. 1D 31P NMR spectrum of the DNA duplex 4 (Figure 1-21) 
 
3.11. 1D 15N NMR spectra of Cytidine/AgI complex (Figure 3-2) 
 
3.12. 1D 109Ag NMR spectra of Cytidine/AgI complex (Figure 3-3) 









3.13. 1D 15N NMR spectrum of Thymidine/HgII (2:1) complex (Figure 3-4) 
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